Abstract. The search for chemically peculiar (CP) stars in open clusters using photoelectric photometry sampling the presence of the characteristic flux depression feature at 5200Å via the ∆a-system (Maitzen 1976) has so far delivered data for objects usually no more distant than 1000 pc from the Sun. A series of fourteen papers (first: Maitzen & Hensberge 1981; for the time being last: Maitzen 1993) were devoted to 1240 stars in 38 open cluster fields.
Introduction
In a serie of papers (first: Maitzen & Hensberge 1981 ; for the time being last : Maitzen 1993) 38 open clusters have been surveyed for the presence of magnetic peculiar stars using ∆a-photometry in the conventional photomultiplier technique. The advantage of this approach is both a relatively high accuracy of the detection index ∆a (external scatter for normal stars 0.003 to 0.005 mag) and its immediate availability, hence detection of CP2 stars at the telescope. Using photoelectric photometry, on the other hand, the magnitude limit is about V = 12 mag for work with a 1 m telescope. This limit corresponds to a vicinity of only about 1000 pc around the Sun. Even in this area we can reach only the hotter sections of CP2 stars depending on the amount of interstellar absorption.
If one aims to study the behaviour and appearance of peculiar stars over a significant range of galactocentric distances -speculating about the possible influence of different degrees of metallicity and/or galactic magnetic field strengths -then it is imperative to increase the actual magnitude limit by at least two or three magnitudes. Discarding the availability of 4 m telescopes as highly unrealistic we are left with employing the CCD-technique. Maitzen et al. (1997) have prepared the ground by showing that for field stars in the range 8 < V < 10 mag ∆a-values obtained with CCD-photometry at a 60 cm telescope exhibit essentially the same error level as conventional photoelectric photometry.
Aside from the basic advantage of CCD-photometry -i.e. simultaneous recording of many individual objects not only saving time but also increasing precision -the second benefit becomes more and more obvious when observing clusters at larger distances with decreasing angular separations of their members. In this case stellar magnitudes can be derived only by fitting of individual point-spread-functions. This paper presents the first three open clusters, NGC 2169, Melotte 105 and NGC 6250 measured in the ∆a system.
The ∆a photometric system
Since this is the first paper of a new series about the ∆a photometric system, we will give a short introduction to its basic properties and characteristics. The photometric system itself was defined by Maitzen (1976) . It measures the broad band absorption feature at 5200Å sampling the depth of this flux depression by comparing the flux at the center (5220Å, g 2 ), with the adjacent regions (5000Å, g 1 and 5500Å, y). The respective index was introduced as:
Since this quantity is slightly dependent on temperature (increasing towards lower temperatures), the intrinsic peculiarity index had to be defined as
i.e. the difference between the individual a-value and the a-value of non-peculiar stars of the same colour (the locus of the a 0 -values has been called normality line). It was shown (e.g. Vogt et al. 1998 ) that virtually all peculiar stars with magnetic fields (CP2 stars) have positive ∆a-values up to 0.075 mag whereas Be and λ Bootis stars exhibit significant negative ones. Note that (g 1 − y) shows an excellent correlation with (b − y) and can be used as an index for the effective temperature.
As diagnostic tool the a versus (g 1 − y) diagram is used. Assuming that all stars exhibit the same interstellar reddening, peculiar objects deviate from the normality line more than 3σ. Since most of the the clusters are reddened, their normality line is shifted by E(b−y) to the red and by a small amount E(a) to higher a-values (Maitzen 1993) . The ratio of these shifts
can be determined from the deviation of a reddened cluster normality line from the unreddened relationship. On the other hand, assuming a mean f -value (≈ 0.05) and iterating the formula
one can determine reddening values by the ∆a photometry of clusters. More of a problem is the estimation of differential reddening within a cluster. In principle, two methods have been applied to overcome this problem:
-to deredden each individual object using the Strömgren uvbyβ photometric system and its calibrations; -to use the Q-method for the Johnson UBV photometric system.
An a versus (b − y) 0 or (B − V ) 0 diagram should then be able to sort out the true peculiar objects. the Helen-Sawyer-Hogg telescope with a water-cooled PM512 (516 × 516 pixel) equivalent to 4 × 4 and the OEFOSC with a 512 × 512 pixel CCD corresponding to 5.5 × 5.5 on the sky. The characteristics of the filters used are listed in Table 2 .
Observations and reduction
The basic reductions (bias-subtraction, darkcorrection, flat-fielding) were carried out within standard IRAF routines. For Melotte 105 we have applied a point-spread-function-fitting within the IRAF task DAOPHOT. For NGC 2169 and NGC 6250 standard aperture photometry within the IRAF task APPHOT was carried out due to the wide separation of the cluster members. Because of an instrumentally induced offsets between the single frames, photometry of each frame was performed separately and the measurements were then averaged. Due to the rather large area covered by NGC 6250, 64 frames, in total, were taken in two different fields -nine to twelve frames for each filter and center (note that the two different areas do not overlap).
Discussion
A summary of the results for the three investigated clusters is listed in Table 3 (based in part on Lyngå 1987 ). The pertinent numerical results for the individual clusters are given in the subsequent Tables 4, 5 and 6. The ∆a-photometry of the three clusters is displayed in Figs. 1, 3 and 6. Candidate peculiar stars in all three clusters were selected if their mean ∆a-values are 3σ outside the corresponding confidence intervals.
In the following we discuss special features of the individual clusters. 
NGC 2169
This cluster in Orion was observed in order to test our results with previously published ones. Maitzen (1993) listed photoelectric observations of 15 stars with one prominent CP2 star (No. 12). We reobserved 10 stars of his list (note that our field-of-view was not large enough to cover the whole cluster) and find an excellent agreement with his values. Although we had only 11 frames in total, the scatter is remarkably small (0.0032 mag). The main reason is the brightness of the cluster members and the resulting good photon statistics. The stars observed in Melotte 105, for instance, are on the average four magnitudes fainter than those of NGC 2169. Table 4 gives our results compared to those of Maitzen (1993) . The A0 Si star No. 12 was listed in Maitzen (1993) with ∆a = +0.042 mag whereas we find ∆a = +0.044 mag.
The normality lines based on (b − y) and (g 1 − y), respectively, are given as: Assuming that the ∆a-values of the reference stars follow a normal distribution, we have calculated confidence intervals (Rees 1987 ) of 99.9 percent which corresponds to 3 σ (Fig. 1) .
Melotte 105
Melotte 105, a rich open cluster at a distance of 2100 pc in the fourth galactic quadrant in the vicinity of η Carinae with more than 100 stars measured (for the finding chart see Fig. 2 ) in our program does not exhibit any pronounced photometric peculiar star of type CP2 although it has many stars around A0 where the relative frequency of those stars reaches its maximum. Our sample shares 68 stars with the Strömgren CCD-photometry by Balona & Laney (1995) and the high degree of correlation of their (b − y) values with our (g 1 − y) values renders the use of the latter ones as equivalent for the purpose of deriving ∆a-values. The larger negative deviations for the fainter stars of our sample (which are significantly less present in the Strömgren study) can therefore be easily ascribed to the effect of larger interstellar reddening of background stars. There are eight stars which we would call candidate λ Bootis stars: Nos. 6, 33, 38, 70, 75, 107, 112 and 113 . For a review on the group of λ Bootis see Paunzen (2000) .
In order to establish the line of normality for deriving the deviations ∆a, we have chosen reference stars (Table 5) according to the following criteria: They had to exhibit an average behaviour in the m 1 versus (b − y) and c 1 versus (b − y) diagrams based on the CCD-photometric study of Balona & Laney (1995) . This way 16 objects have been obtained spanning an interval in (b − y) from 0.28 to 0.50 mag corresponding to a spectral type range of B9 to A8 taking the cluster reddening E(B − V ) = 0.36 mag into account. Santos & Bica (1993) derived a reddening of E(B − V ) = 0.30 mag and found no evidence for differential reddening throughout the cluster.
As abscissae in the a versus colour diagrams we were able to choose among three types of temperature indices: photographic (B − V ) values from Sher (1965) , (b − y) just mentioned and (g 1 − y) of our own photometric system. From the poor correlation of our index with photographic (B − V ), we are immediately able to conclude that we should resign about using the (B − V ) data for deriving ∆a-values. This is probable because of the rather crowded field and the uncertainties introduced by using photographic values. On the other hand it is very comforting to notice the very good correlation of CCD-based (b − y) and (g 1 − y). The ∆a-values from both lines are given in Table 5 for the reference as well as program stars. They scatter around their lines by 0.0028 and 0.0034 mag, respectively.
The average scatter of the ∆a-values derived from the (b−y) normality line is 0.0073 mag if we regard only those 45 stars which are brighter than V = 15 mag. With the (g 1 − y) normality line we get a scatter of 0.0079 for the 68 stars of the same brightness interval. Had we taken all objects in both cases we would have arrived at mean scatter values of 0.0088 and 0.0104 mag for (b − y) and (g 1 − y), respectively. The reason for the larger difference in the second case is the lower number of stars fainter than V = 15 mag measured by Balona & Laney (1995) . Fainter stars do not only increase the scatter in ∆a because of photon statistics, but also because of the higher reddening usually connected with background stars which moves them away from the normality line to the right. The contrary case -foreground stars with lesser reddening -will also increase the ∆a scatter, shifting the points systematically to the left, even with the possibility of mimicking a peculiar star.
Therefore the assignment of peculiarity is less straightforward in the case of clusters which are more distant than the typical clusters so far observed with conventional photoelectric ∆a-photometry.
In order to check if the observed stars are really members of the cluster a colour-magnitude-diagram using (g 1 − y) as temperature sensitive index and the Johnson V magnitude derived from a calibration via Strömgren y was used.
It shows that this cluster has a well defined main sequence. But the following stars are either not members of this cluster or spectroscopic binary systems: Nos. 21, 50, 51, 81, 97, 106 and 114.
From Table 5 we extract a list of four objects which may be considered as photometric CP2-candidates to be verified by spectroscopy: Nos. 46, 66, 76 and 78. But none of them could be called a substantial photometric peculiar object, since the positive deviations from the normality lines reach hardly 0.020 mag.
There seems to be quite a confusion about the age of Melotte 105 in the literature. Sher (1965) gives an age "older than NGC 3603 (log t = 6.0) and younger than NGC 3496 (log t = 8.3)" whereas Lyngå (1987) lists log t = 7.77. Balona & Laney (1995) derive an age of log t = 8.4 or 8.6 depending on the reddening used for fitting isochrones to the colour-magnitude-diagram.
NGC 6250
This young open cluster lies in a strongly obscured region at a distance of about 1000 pc. The Trümpler classification is II 3 r (for the finding chart see Fig. 5 ). We note that the quotation of "B8" as earliest spectral type given by Lyngå (1987) is certainly wrong. All other references (Moffat & Vogt 1975; Herbst 1977 and Fenkart & Binggeli 1979) list B1 which seems more realistic for a cluster age of about 15 million years. References for this cluster are rare in the literature. Only Moffat & Vogt (1975) presented Johnson UBV -measurements for some members, no other photometric or spectroscopic data were found.
From 13 "standard" stars (selected via their Johnson UBV -colours) we find the normality line of this cluster as: a 0 = 0.694 + 0.321 (g 1 − y). Table 6 lists the results. The 3σ-scatter around the normality line (0.018 mag) is higher than that derived for Melotte 105. This is probably caused by differential reddening and the presence of non-members in this field. Figure 6 shows the result graphically. The shift of the zero-point is certainly due to differential reddening. The slope of the normality line is larger than that of the other two clusters but still in the range of that found for other clusters (Maitzen 1993) .
Two stars, Nos. 8 and 46, with ∆a = +0.026 and +0.065 mag, respectively, are definite candidates for a classification as CP2. Their colours (B − V ) 0 = −0.06 and −0.03 mag are also in agreement with the typical spectral domain of CP2 stars, if considering the mean extinction within NGC 6250 of E(B − V ) = 0.38 mag given by Moffat & Vogt (1975) (Herbst 1977 lists E(B − V ) = 0.37 mag). Before we are able to conclude that these two stars are positive detections, the effect of differential extinction in NGC 6250 has to be investigated. The Q-method (Golay 1974 ) was applied to all stars with UBV -measurements, and a spectral type of approximately A0 or earlier. Table 7 lists these stars with the calculated E(B − V ) values. Unfortunately, the sample of stars for which UBVmeasurements are available is quite small (note that the two candidate positive CP2 detections are also included). However, if taken as representative, a mean reddening E(B − V ) = 0.33(5) mag was estimated. This value is Table 5 slightly less than given by Moffat & Vogt (1975) and Herbst (1977) . Since our sample is not identical with those used by the other two sources, this result has to be taken with caution. Nevertheless we can state that effects of differential extinction are not negligible in NGC 6250.
The star designated as No. 19 with ∆a = +0.186 mag would be one of the most extreme chemically peculiar stars ever discovered. However, this corresponds only to 1.5 times its mean error in a which is much larger than the mean errors of the other stars in the same interval of (g 1 − y). Furthermore since there is strong evidence for its non-membership, this star is therefore not relevant for the current survey. Nevertheless further investigations are strongly encouraged.
Several stars with negative ∆a-values cannot be regarded as peculiar for our purposes due to their large photometric errors; these are the stars Nos. 21, 22, 24, 42 and 43. Furthermore, the negative ∆a-values of these objects can alternatively be explained by differential extinction. Because of these uncertainties, these stars cannot be included for statistical purposes as chemically peculiar, in contrast to the somewhat brighter stars Nos. (equivalent to of about A5), respectively. Again, further photometric and spectroscopic data are needed to decide on the true nature of these objects.
In order to check if the stars of interest are really members of the cluster a colour-magnitude-diagram using (g 1 − y) as temperature sensitive index and the y colour as closely related to Johnson V was made.
The positive detections Nos. 8, 28, 45 and 46 lie well on the cluster main sequence suggesting, with a high probability, that these objects are cluster members. We are also able to conclude that the following stars are either not members of this cluster or spectroscopic binary systems: Nos. 1, 13, 19, 22, 30, 33, 41, 42, 44, 47 and 48.
Conclusions
We have presented ∆a-photometry of 175 stars in the magnitude range 8 < V < 16 mag for three open clusters (NGC 2169, Melotte 105 and NGC 6250). More than 100 frames in the three different colours were sampled and averaged. Aperture as well as point-spread-function-fitting photometry was applied to the crowded fields.
A comparison with previous published photoelectric measurements for NGC 2169 further proves the capability of the CCD technique together with the use of rather small telescopes (typically 60 cm) to acquire high precision photometry in order to sample the characteristic flux depression at 5200Å. The results for the three clusters are the following: -NGC 2169: The known A0 Si star No. 12 was also detected with ∆a = +0.044 mag (Maitzen 1993 : ∆a = +0.042 mag); -Melotte 105: Four marginally peculiar CP2 as well as eight candidate λ Bootis stars were found. Beside a significant number of objects with negative ∆a-values at the hotter end of the clusters main sequence, the age of this cluster needs clarification; -NGC 6250: This cluster is affected by differential reddening. Two classical CP2 as well as two candidate λ Bootis stars were detected. It was shown that the "mosaiking-technique" does not affect the photometric accuracy.
These findings encourage us in our new survey to find chemically peculiar stars. More than two dozen open clusters in the southern as well as in the northern hemisphere were already observed and are currently reduced.
As a future highlight, we have also observed two fields in the Large Magellanic Cloud in the ∆a-system which means the application of this technique to an extragalactic object for the first time.
